Abstract. A computational method is presented for predicting one-dimensional advective-dispersive solute transport with linear equilibrium sorption, for complex solute input histories associated with uneven intervals of transporting water flux. The suggested application is monitoring of leached solutes from land use and near-surface transformations, which are assumed to be transported through the vadose zone to the underlying groundwater without further degradation. Real-time forecasts of solute concentration at the groundwater surface provide a smooth feedback signal to operational management of land use for protection of groundwater, as a surrogate for groundwater monitoring which has unacceptable transport lag. The conceptual basis is the series of mixing cells as an analogue for advection-dispersion, in the form of a linear system for which cumulative pore-water drainage is the continuous index. This mixing-cell formula is unconditionally stable for any interval of drainage and assures conservation of solute mass. A demonstration example is presented.
Introduction
When land use is considered as a nonpoint source of groundwater contamination, the effects may be estimated, for the purposes of operational management, by assuming that solute which has been transported beyond transformation in the nearsurface zone eventually reaches groundwater without further degradation. Examples of this kind of solute behavior are some pesticides and their degradation products, which have been leached below the organic layers of the soil, and nitrate anions leached beyond the influence of the plant root zone. The subsequent transport of these contaminants through the unsaturated vadose zone to the groundwater surface may be considered as an advective-dispersive process, which attenuates peaks in solute concentration but otherwise conserves solute mass. This process description can also include linear equilibrium sorption (onto solid surfaces or into immobile water) by appropriate scaling of the "water content" parameter with a "retardation" coefficient.
Leaching of contaminants below the near-surface zone is climatically driven, and inputs of contaminants to the vadose zone may be considered as intermittent amounts of drainage from the soil profile, each associated with a mass of contaminant in solution or suspension. The transport time to the groundwater surface may be several years, depending on depth to groundwater and geological properties. More significantly, the transport process is driven by the vertical water flux in the vadose zone, and transport time is therefore the cumulative effect of a series of drainage amounts generated by climate and soil-plant properties. Thus vadose zone transport is a stochastic process in terms of time, but in this note it will be presented as a deterministic process in terms of cumulative drainage.
The aim of this note is to provide a method for estimating the solute flux entering the groundwater surface in response to each drainage amount and associated contaminant concentraCopyright 2000 by the American Geophysical Union.
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0043-1397/00/2000WR900192509.00 tion generated from beneath the soil layer. The purpose of this computation is to be able to forecast, in real time, the ultimate effect on groundwater quality of nonpoint source contamination generated by land uses such as land treatment of waste or application of fertilizers and pesticides for agricultural production. Where leachate quality and quantity are monitored, or estimated from a mathematical model, these data together with the vadose zone transport computation can provide a feedback signal for operational management of land use to achieve groundwater protection.
Transfer Function Approach
One-dimensional solute transport through the unsaturated subsurface zone can be represented in terms of a transfer function [Jury, 1982] Groundwater level forecasts provide a more realistic signal than lysimeter data in terms of actual effect on groundwater, and the smoothing effect of the transport process improves the signal-to-noise ratio. Monitoring the actual groundwater contamination is not useful for operational management because of the long transport lag, which for the present demonstration is about 4.6 years.
Discussion
The methodology described in this note is for estimation of one-dimensional advective-dispersive transport in porous media, in response to complex data series of solute inputs at uneven intervals of transporting water flux. Dispersion is assumed to be linearly dependent on pore-water velocity but otherwise invariant with water content and is therefore completely described by the dispersivity X. Linear equilibrium sorption processes can be included by means of a retardation coefficient R applied to the transporting water fraction 0 or by calibration of the combined parameter OR. In conceptual terms, the mixing-cell analogue of advection-dispersion accounts for resident solute concentration throughout the vadose zone depth. However, the parameters OR and X are lumped values for the depth of observation, and the real distribution of concentration with depth may be different.
The computational procedure is intended for operational monitoring and management rather than as a conceptual model for scientific investigation and can support a range of feasible approaches to processing monitoring data. The example in this note demonstrates the use of forecasted contaminant effect at groundwater level for supporting operational management decisions, whereas the actual contaminant concentration in the groundwater may be the result of land-use events several years previous.
